In this paper we introduce a new financial product named Bonus Certificates PLUS and we provide detailed descriptions of the product specifications. We show that the payoff of a Bonus Certificates PLUS can be duplicated by the combination of a long position in the underlying asset, a short position on zero coupon bonds, a long position in down-and-out call options on the underlying asset, a long position in down-and-in call options on the underlying asset, and a long position in the downand-out put options. We develop a pricing formula to price the certificates. A sample of ten Bonus Certificates PLUS outstanding on December 2007 is presented as an example to examine how well the model fits empirical data. The profitability in the primary market is examined and the results show that issuing Bonus Certificates PLUS is a profitable business. The results are in line with previous studies pricing other structured products. Finally, we simulate and present the sensitivities of the certificates to changes in different pricing inputs.
Introduction
Modern wealth management products (also known as structured products) have been growing explosively in volume and complexity during the last two decades [1] [2] . This new trend of more complex securities has caught the attention of academicians [2] [3], media [4] - [10] , and regulators [11] . For example in Hernandez et al. [2] , the authors analyze Bonus Certificates, a type of Outperformance Certificate "upgraded" with barrier options to provide extra capital protection as long as the underlying asset price does not breach a lower barrier. In a similar way, Outperformance Certificates PLUS can also be considered as an "upgraded" Outperformance Certificate with embedded barrier options to outperform the return of the underlying asset if the later ever drops below a predetermined barrier [12] . This paper examines a new financial product known as Bonus Certificates PLUS (to be referred to as BCP henceforth), one of the equity-linked structured products issued by major banks in Europe. Bonus Certificates PLUS can be considered as an "upgraded" Bonus Certificate with additional barrier options. BCP (also known by the commercial names of "Power Plus Certificates" or "Bonus Extra Plus Certificates") are one of the equitylinked "structured products" issued by major banks in Europe. The rate of return on a BCP is contingent upon the performance of a pre-determined underlying asset over a pre-specified period (known as the term to maturity). As long as the underlying asset price never drops to a pre-determined level (knock-out level) anytime between the issue date and the maturity date, the investors of the certificates will receive a return equal to a pre-specified multiple (known as participation rate) times the return on the underlying asset if the price of the underlying asset goes up during the term to maturity. However, if the price of the underlying asset goes down during the term, the investors of the certificates will receive full capital protection.
If the underlying asset price ever drops to the knock-out level anytime during the term to maturity and closes above the barrier level, the investors of the certificates will receive a redemption amount equal to the underlying asset plus a supplemental amount equal to a pre-specified multiple, equal to the participation rate minus one 1 , times the difference between the closing price of the underlying asset on maturity date and the knock-out level. If the underlying asset price ever drops to the knock-out level anytime during the term to maturity and closes below the knock-out level, the investors of the certificates will receive the same return as the underlying asset. In calculating the return on the underlying asset, the certificate issuers will use only the change in the asset price, and the cash dividend paid during the period is not included. In other words, investors in the BCP do not receive cash dividends even the underlying assets pay dividends during the term to maturity.
The purpose of the paper is to extend Hernandez et al. [3] to Bonus Certificates PLUS and to provide an indepth economic analysis for the certificates to explore how the principles of financial engineering are applied to the creation of new structured products. A pricing model for the certificates is developed by using option pricing formulas. In addition, ten Bonus Certificates PLUS issued by well-recognized large banks in Europe are priced by calculating the cost of portfolios with a payoff similar to the payoff of the certificates.
The remainder of the paper is organized as follows. The design of BCPs is introduced in Section 2. A pricing model for BCPs is developed in Section 3. In Section 4, we price ten certificates that have complete data and calculate the profit to the issuer in the primary market based on our pricing model developed in Section 3. We find that on average issuers earn a profit of 2% in the €177 million sample. In Section 5, we present the sensitivities of the BCPs to changes in the pricing input variables. Section 6 concludes.
Description of the Product
The rate of return of a BCP is contingent upon the price performance of its underlying asset over its term to maturity. The beginning date for calculating the gain (or loss) of the underlying asset is known as the initial fixing date (or trade date) and the ending date of the period is known as the final fixing date (or maturity date). The price of the underlying asset on the initial fixing date is referred to as the initial fixing level, and the price of the underlying asset on maturity date is referred to as the valuation price. Denoting the underlying asset price on the initial fixing date as I 0 , the knock-out level as I KO , the valuation price as I T , and the participation rate as p, then for an initial investment of €100 in a certificate, the total value that an investor will receive on maturity date, V T , (known as the redemption amount) is equal to: 
Alternatively, the relationship between the terminal value of a certificate and the terminal value of the underlying asset based on the change in the underlying asset price (without taking into account dividends) with a knock-out level at 70% of the initial fixing level and a participation rate of 150%, can be represented in Figure  1 .
The solid line in Figure 1 represents the terminal value of the certificate on maturity day T as a function of the terminal value of the underlying asset when the knock-out level is never broken over the term of maturity. The dashed line represents the terminal value of the certificate on maturity day T, as a function of the terminal value of the underlying asset when the knock-out level is broken over the term of maturity. The dotted line represents the terminal value of the underlying asset. The slope for the value of the underlying asset (dotted line) is, of course, one. The slope for the value of the certificate when the price of the underlying asset goes up and the knock-out level is never broken over the term to maturity (solid line) is equal to participation rate (i.e. 150% in the example). The slope for the value of the certificate when the knock-out level is broken over the term of maturity (dashed line) and the price of the underlying asset closes higher than the knock-out level, is also equal to participation rate (i.e. 150% in the example). In Appendix, we present the summary information for one BCP in our sample.
The Pricing of Bonus Certificates PLUS
The redemption amount, from Equation (1), for holding one BCP, V T , when the underlying asset price has never dropped to the knock-out level between the initial fixing date and the final fixing date of the certificate, for an initial investment of €100, a knock-out level I KO , a participation rate p, and a term to maturity T, is: 
The redemption value, from Equation (1), for holding one certificate, V T , when the underlying asset price ever dropped to the knock-out level the initial fixing date and the final fixing date of the certificate, is:
A long position in the underlying asset will generate a payoff I T on maturity date T plus cash dividends on exdividend dates. Since BCP do not pay cash dividends, the payoff I T in Equations (2) and (3) can be duplicated by taking a long position in the underlying asset, and a short position on zero coupon bonds of which the face values are equal to the amount of dividends and the maturity dates are the ex-dividend dates. The payoff Max[0, I 0 -I T ] in Equation (2) is the payoff of a long position on put options on the underlying asset with an exercise price I 0 . This put option exists as long as the price of the underlying asset has never dropped to the knock-out level between the initial fixing date and the final fixing date of the certificate (i.e. down-and-out put option). The payoff Max[0, I T -I 0 ] in Equation (2) is the payoff of a long position on call options on the underlying asset with an exercise price I 0 . This call option exists as long as the price of the underlying asset has never dropped to the knock-out level between the initial fixing date and the final fixing date of the certificate (i.e. down-and-out call option). The payoff Max[0, I T -I KO ] in Equation (3) is the payoff of a long position on call options on the underlying asset with an exercise price I KO . This call option exists as long as the price of the underlying asset has dropped to the barrier level between the issue date and the maturity date of the certificate (i.e. down-and-in call option). So the payoff for investing in one BCP is the same as the combined payoffs of taking the following five positions:
1) A long position in the underlying asset. The number of shares equal to €100/I 0 ; 2) A short position in zero coupon bonds. The face values of the bonds are the cash dividends to be paid by €100/I 0 shares of the underlying asset and the maturity dates are the ex-dividend dates of cash dividends;
3) A long position in down-and-in call option on the underlying asset. The number of options is €100/I 0 (p − 1). The exercise price and barrier level of the options is I KO and the term to expiration of the options is T, the same as the term to maturity of the certificate.
4) A long position in down-and-out call option on the underlying asset. The number of options is €100/I 0 (p − 1). The exercise price of the options is I 0 , the barrier level of the option is I KO , and the term to expiration of the options is T, the same as the term to maturity of the certificate.
5) A long position in down-and-out put option on the underlying asset. The number of options is €100/I 0 . The exercise price of the options is I 0 , the barrier level of the options is I KO and the term to expiration of the options is T, the same as the term to maturity of the certificate.
Since the payoff of BCP is the same as the combined payoffs of the above five positions, we can calculate the fair value of the certificates based on the value of the five positions. Any selling price of the certificates above the value of the above five positions is the gain to the certificate issuer. The value of Position 1 is the price of €100/I 0 shares of the underlying asset on fixing date I 0 . The value of Position 2 is the present value of cash dividends to be paid by €100/I 0 shares of the underlying asset, to be denoted as PV D . The value of Position 3 is the value of €100/I 0 (p − 1) shares of down-and-in call options with each call value of C di [13] : 
r is the risk-free rate of interest, T is the term to maturity of the certificate, X is the exercise price, I KO is the barrier level, σ is the standard deviation of the underlying asset return, q is the dividend yield of the underlying asset, and 
The value of Position 4 is the value of €100/I 0 (p − 1) shares of down-and-out call options with each call value of C do equal to the value of a regular call minus the value of a down-and-in call option [13] :
The value of Position 5 is the value of €100/I 0 shares of down-and-out put options with each put value of P do equal to the value of a regular put minus the value of a down-and-in put option [13] :
and, 
Therefore, the total cost, TC, for each BCP is
If we denote B 0 as the issue price of the certificate, and TC as the total cost (fair value) of issuance, any issue price above the fair value is the gain to the certificate issuer. And the profit function for the issuer is
The profitability is measured by the profit ( ∏ ) as a percentage of the total issuing cost (TC), i.e. 
The Bonus Certificate PLUS Market and Profitability
Our sample consists of ten BCPs outstanding in December 2007 issued between July 2004 and June 2006 by UBS AG (9 certificates) and Bayerische Hypo-und Vereinsbank AG (1 certificate). We developed our sample from final term sheets published on web pages of each bank. In Table 1 we present the descriptive statistics for the BCP market. The total value issued is €177.1 million on 10 issues. The median size is €16.03 million with 250 thousand certificates in each issue. The median term to maturity is 3.55 years with a median leverage factor of 150%. One feature especially worth noting is that the median selling price is 100% of the reference price for both.
We examine the profitability of issuing BCPs and in order to calculate the issuer's profit, the following data is needed: 1) the price of the underlying assets, I 0 , 2) the cash dividends to be paid by the underlying assets and the ex-dividend date in order to calculate the dividend yield, q, 3) the risk-free rate of interest, r, and 4) the volatility of the underlying assets, σ. Equations (4) and (9) are based on continuous dividend yield. Since the dividends from the underlying security are discrete, the following approach is used to calculate the equivalent continuous dividend yield for underlying security that pays discrete dividends. For an underlying asset that is an index with a price I 0 at t = 0 (the issue date) and that pays n dividends during a time period T with cash dividend D i being paid at time t i , the equivalent dividend yield q will be such that
The prices and dividends of the underlying assets are obtained from Bloomberg; the risk-free rate of interest is the yield on swap rates where the term to maturity matches those of the certificates. The volatility, σ, of the underlying asset is the historical volatility calculated from the underlying securities prices in the previous 260 days. We calculate the profit for each certificate issue that has complete data based on Equation (12) . We present the profitability of issuing BCPs in Table 2 . The results in Table 2 show that average profit is 1.82% for 10 issues on top of a 2% -3% front load fee usually charged when the certificates are sold to retail investors. Our finding that BCPs are overpriced is consistent with prior research on structured products that report that structured products have been overpriced, 2% -7% on average in the primary market based on theoretical pricing models [2] [3] [12] [14]- [25] for various types of structured products.
The Bonus Certificates PLUS Sensitivities
The characteristics of BCPs can be expressed in terms of sensitivities, sometimes referred to as "Greeks", such as Delta, Gamma, Vega, Theta, Rho, Psi, and so on. These sensitivities are the mathematical first and second derivatives of the pricing formula (i.e. sum of replicating positions), with respect to the pricing input variables. Delta (∆) measures the change in the option price per $1 increase in the underlying asset price. Gamma (Γ) measures the change in Delta per $1 increase in the underlying asset price. Vega, sometimes also referred to as "Kappa" or "Lambda", measures the change in the option price per 1% increase in the volatility of the underlying asset's returns. Theta (θ) measures the change in the option price per 1 day decrease in the term to maturity of the option. Rho (ρ) measures the change in the option price per 1% increase in the interest rate. Psi (ψ) measures the change in the option price per 1% increase in the dividend yield of the underlying asset.
Delta: Figure 2 presents the behavior of delta for three BCPs with different term to maturities. For BCPs delta is positive, as the underlying asset increases the BCP price increases. Gamma: represents the change in delta as the underlying asset price increases by $1. Figure 3 presents the behavior of gamma for three BCPs with different term to maturities. Vega: represents the change in the option price per 1% increase in the volatility of the underlying asset's returns. Figure 4 presents the behavior of vegas for three BCPs with different term to maturities. Theta: represents the change in the option price per 1-day decrease in the term to maturity of the BCP. Figure 5 presents the behavior of thetas for three BCPs with different term to maturities. Rho: measures the change in the option price per 1% increase in the interest rate. Figure 6 presents the behavior of rho for three BCPs with different term to maturities. Figure 6 assumes 1 basis point change in the interest rate (i.e. 1/100 of one percent). The rho for the BCPs is almost always positive and as the underlying asset price increases the BCP's rho increases. As time to expiration increases, rho is higher in value (i.e. smaller negative impact).
Psi: represents the change in the option price per 1% increase in the dividend yield of the underlying asset. Figure 7 assumes 1 basis point change in the dividend yield (i.e. 1/100 of one percent) and presents the behavior of psi for three BCPs with different term to maturities. The psi for the BCPs is almost always negative, as the underlying asset price increases the BCP's psi decreases. As time to expiration increases, phi is lower in value (i.e. larger negative impact).
Conclusion
This paper introduces a newly structured product known as Bonus Certificates Plus and provides a detailed description of the product specifications. Further, it develops a pricing model for the certificates that it is applied to a sample of ten certificates to examine how well the model fits empirical data. The results indicate that issuing the certificates is a profitable business for the issuers. The results are in line with previous studies pricing other structured products. The paper provides insights into the design, the payoff, the pricing and the profitability of this exotic bonus certificate. The methodology and approach used in this paper can be easily extended to the analysis of other structured products.
